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I ... TH; EFFECT OF A I L E R O N  E'ECFLZE 

By l i o b e r t  E$. Crrme and R a l y h  if, E o l t z c l a v  

S U WMAR Y 

An i n v e s t i g 3 t  i o n  1~::s Qn2.e i n  tkae A 3 e s  d n r o n n u t i c s l  
L a b o r a t o r y  7- by l C - f o o t  w ind  t u n n e l  OS t h o  c f f e c t s  of 
v a r i o u s  ~ o 3 i f i c n t i o n s  t o  t l i e  p r o f i l e  r ~ f  a O,?O-chord  
y l r i n  s e a l e d  a i l e r o n  acd n. 0,1.5-chord p l a i n  s e a l e d  a i l e -  
r o n  on i2n W S A  66.2-216 ( a  = 0,;) z i r f o i l .  A i l e r o n  p r o -  

no rma l  lGACA 6 6 , ~ - 2 1 6  ( a  = 0 . 6 )  o r 6 i n a t e n ;  :I. p r o f i l o  conc 
s i s t i n g  o f  s t r a i g h t - l i n e  s u r f a c e s  f rom t h e  t r a i l i n g  s u r e  
t o  t h e  l-.in;;+line o r d i i x L t e s ;  a n  i n t e r z 3 C i z i i e  t h i c k e n e d  
? r o f i l e ;  a n d  a. p r o f i l e  t b i n i i e d  be!ow t h e  n o r m e l  a i r f o i l  
o r d i n a t e s  e 

. f i l e s  t e s t e b  c o n s i s t e d  o f  one  p r o f i l e  confor -mine  t o  t h e  

2 

T h i c k e n i n g  o f  t h o  a i l e r o n  n r o f i l c :  1 'r~s f o u r ?  t o  rec?uce 
t h e  a i l e r o n  n f f e c t i v c n s s s ,  r e d u c a  t h e  s l c )p3  o f  t h e  w i r q  
s e c t i o n  l i f t  c u r v e ,  2nd r e d u c e  t h e  hin<>e-mcment  coefficient,^. 
T h i n n i n g  t h e  p r o f i l e  1i:;d- t h e  oppposite c f f e c t ,  TLc e f f e c t s  
o f  p r o f i l e  o n  t h e  z i l o r o n  c h n r t q v c t e r i s t i c s  d e c r e z s p d  w i t h  
i n c r e a c i n ; .  * n g l e  o f  a t t a c k ,  t h e r o  bein,.: y r n ~ t i c ~ ~ l l y  no 
e f f e c t  a t  nu a n g l e  o f  n t t o c i :  o f  12'. T l z t c k e n i n g  t h e  n r o W  
f i l o  c a u s e d  r2 s l i 6 : h t  i a c r d n s e  i n  miniaun; n r o f  i l e - d r - q  c o w  
c f f i c i o n t ,  b u t  t h i n n i n g  t h e  p r o f i l e  had nn e f P e c t ,  

I t  i c ,  d e m o n r t r z t o d  t h a t  d e v j n t i o n s  o f  t l i e  o r d e r  o f  
4 0.005ca 
t y p i c a l  n l r s u i t  a i r p l n i 1 e  c a n  c- iuse ;t? c k - f c l r c e  m r i a t i o n s  
o f  2 2 0  pounds f o r  a I n ~ g s  r v t e  o f  r o l l  at ~n i n ( 1 i c : i t e d  p t r -  
s p e e d  o f  300 m i l e s  p a r  F o u r .  I t  i s  a l s o  s!,own th - i t  t F e  
d a n g e r  o f  o v e r b a l t n c o  at small deflections o f  c1ose l .y  be,!.- 
nnced  a i l s r c n s  c a n  b e  d i m i n i s h e c !  b y  t h i c k a n i n g  o f  t h e  n i l a r -  
on  profile i f  t h e  i n t e r n ~ . Z - h ~ l . z ~ c e  ci c r d  i s  s i m u l t a n e o u s l y  
r e d u c e d  t o  n . a i n t a i n  t h c  s,?rne s t i c k  f o r c e  f o r  n 1;>rge  rat.: of  
r o l l ,  

f rom t h e  s r , c c i f i e d  q r o f i l e  on  t h e  a i l e r o n s  o f  ~3 
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t h i s  s e c t i o n  and  t h e  main a i r f o i l  were  e q u i p y e d  wit?,  a 
s i n , , l e  rorpr of F r e s s u r e  o r i f i c e s  b u i l t  i n t o  t l i c  u ~ p c r  a n d  
l o w c = .  s u r f a c e s  of .  t h e  T t r f o i l  c t  t h e  n i d s p a n ‘ s e c S i o n .  
T h c s e  o r i f i c e s  were  l o c a t e d  on t h e  nodel.  a s  l i s t e d  i n  
t a b l e  11. Tho a i l e r o n s  v e r e  c o n s t r u c t d d  of  l amins l t cd  
m2hof;any r n d  had  a nose-gag seal o f  d e n t a l  r u b b e r  dam. 
The a i l e r o n  o r d i n a t e s  are g i v e n  i n  t a b l e  111. The 
o r i i - i n n t e s  o f  t h ~  n o r m a l - p r o f i l e  a i l e r o n  a r e  t h e  same a s  
t h o  c o r r e s p o n d i n g  o r c ~ f i l a t e s  o f  t h a  T:AC>- 66,’..216 !a = 
0 . 6 )  a i r f o i l .  The d e t a i l s  of t h e  a i l e r o n s ,  a n d  t h e  m o d i f i c -  
a t i o n s  t e s t e d ,  a r e  sho;sn i n  f i g u r e s  1 and 2. 

The a i r f o i l  was mounted v e r t i c a l l y  i n  t h e  t e s t  s e c t i o n  
o f  t h e  7- by 1 0 - f o o t  wind t u n n e l  >To. 1, a s  shown i n  t h e  
p h o t o g r a p h s  o f  f i g u r e  3 .  End p l2 . t e s  w e r e  f a s t e n e d  t o  t h e  
5 - f o o t - s p a n  s e c t i o n ;  P a i r i n g s  of t h e  same a i r f o i l  s e c t i o n  
a s  t h e  wing  were  a t t a c h e d  t o  t l i e  t u n n e l - f l o o r  a n d  c e i l i n g  
t u r n t a b l e s  a n d   ere u r e a  t o  shield t h e  c o n n a c t i o n  bet t l recn 
t h e  m o d e l  a n d  t h e  b a l a n c e  f r a m e ,  These f ? i r i n , m s  were n o t  
c q u i T p e d  w i t h  a i l e r o n s ,  P r o v i s i o n s  Tverb x q d e  f o r  c h a n g i n g  
t h e  a n g l e  of a t t a c k  nnd the a i l e r o n  a n g l e  Tvlhile t h e  t u n n e l  
w 8 s  i n  o p s r a t i o n .  A i l e r o n  h i n g e  moments vera msasurcd by 
mezns of e l c o t r i c a l  r e s i s t a n c e - t y p e  s t r 2 i r i  {;ares w h i c h  v e r o  
mounted o n  a member vlizich r e s t r n i n s d  t h e  torrluc t u b e  o f  t h e  
a i l c ? r o n  f rom r o t a t i o n .  

The c o a f f i , c L e n t s  ussd i o  t h e  p r e s e n t n t i o n  o f  r s s u l t s  
f o l l o w .  

Cn a i r f o i l  s c c t i o i :  n o r m a l - f o r c e  c o e f f i c i e n t s  (n/q.c)  

a i r f o i l  s e c t i o n  l i f t ,  c o e f f i c i o n t  ( l / q c )  c l  
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i n c r e m e n t  of  c1 d u e  t o  d e f l e c t i n g  t h o  a i l e r o n  
f r o m  n e u t r a l  

bc t 

A c l l  c 1  of  down a i l e r o n   inu us ct, o f  u? a i l c r o n  

A w 0  i ;1 c r e ID a n t  o f d u e  t o  d f l ; . c t i n f :  t h c  a i l c r o n  
C d O  f r o l n  n e u t r a l  

i n c r e m e n t  o f  ch due t o  a e f l i c t i n g  t h z  a i l s r o r ,  * C h  
f r cm neut,  r a l  

Achl  Ch o f  up a i l z r o n  minus  c h  o f  ~ O V G  a i l e r o n  

A P / q  i n c r c r n e n t  o f  p r e s s u r e  c o e f f i c i e n t  a c r o s s  a i l a r o n  
E C S ~  s e a l  ( p r c s s u r c  '5 i : low s e a l   inu us p r e s s u r 2  
abo-ra s e a l  d i v i d e d  by  dynabl ic  p r e s s u r e )  

w 11 e i' C? 

n a i r f c i l  s e c t f o n  n o r n a l  f o r c e  

1 a i r f o i l  section l i f t  

a i r f o i l  s e c t i o n  p r o f i l e  drag d0 

m a i r f o i l  s d c t  iori p i t c h i n ; :  moment a b o u t  q u z , r t e r - c h o r d  
o f  a i r f o i l  

h a i l ! , r o n  s e c t i o n  h i z g e  moment 

C c h o r d  o f  E i r f o i l  ..c.ith a i l c r o n  n e u t r a l  

c a c h o r d  o f  a i l c r c f i  a f t  o f  a i l c r o n  hin:.e l i n e  

9 d : m m i c  p r c s s u r e  0 2  a i r  s t r e a m  ( l j 2 p V " )  

v f r e e - s t r e a m  v e l o c i t y  

I n  a d d i t i o n  t o  t h e  a ? o v o ,  th<:  f o l l o w i n g  syrbo3s a r s  Lmplayed:  

a. 

6a a i l e r o n  d e f l z c t i o n  w i t h  r t s p z c t  t o  t h e  a i r f o i l  

d i n c r e m e n t  aboVC: t h e  norrnrtl p r o f i l e  o f  t h e  u j ? ~  r znci 

a n z l e  c f  a t t a c k  f o -  :>* i r ;o i l  o f  i n f i n i t -  a s p z c t  r a t i o  

* 
l o r r c r  s u r f n c c  ora in r : . i ,es  o f  t h e  m c d i f i e d  z i  l P r o n  
p r o I " i 1 e s  a t  0 . 5 ~ ~  

... 
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b wing  s p a n  o f  assumed a i r p l a n e  

V i  i n d i c a t e d  a i r s p e e d ,  m i l e s  p e r  h o u r  

P r a t e  o f  r o l l ,  r a d i a n s  p e r  s e c o n d  

=: ( a c ~ / 2 a ) s , , 0  (measu red  t h r o u g h  a. = O*) 

(measu red  t h r o u g h  6 ,  = 0 ' )  

h a  
C 

C h g  - - ( a c h / ~ ~ a ) , o = o  
a 

The s u b s c r i p t s  o u t s i d e  t h e  p a r e n t h e s e s  r e p r e s e n t  t h e  
f a c b o r s  h e l d  c o n s t a n t  d u r i n g  t h e  E e a s u r e s e n t  of t h e  ~ e r a m -  
e t e i - s ,  

The l i f t  c o e f f i c i e n t ,  p r o f i l e - d r a g  c a e f f i c i e n t ,  arid 
p i t c h i n g - n o m e n t  c o e f f i c i e n t  have been  c o ? r e c t F d  f c r  t un -  
n e l - w a l l  e f f e c t s ,  S e c t i o n  p r o f i l e  d r a g  w a s  ?.eterrr,ined b-7 
n e a s u r e m e n t  o f  l o s s  of moiiientum i n  t h e  w i n s  wake. 4 com- 
p a r i s o n  o f  f o r c e - t e s t  a n d  p r e s s u r e - d i s t r i 5 u t i o n  x e a s u r e -  
m e n t s  of  s e c t i o n  l i f t  c o e f f i c i e n t  a n d  s e c t i o n  g i t c n i n g -  
moment c o e f f i c i e n t  i x l l i c a t e d  t h a t  t h e  end  p l e t e s  had  n o  
e f f e c t  on t h e s e  c o e f f i c i e n t s  w i t h  a i l e r o n  n e u t r a l ,  No 
c o r r e c t i o n s  h a v e  beell a p p l i e d  t o  s e c t i o n  hinge-noKent  co- 
e f f i c f e n t s  and no  e n d - p l a t e  c o r r e c t i o n  h a s  been  applied 
t o  Ac . Z e c a u s e  o f  p o s s i b l e  t i p  l o s s e s ,  i t  i s  b e l i e v e d  
t h a t  t h e  r r e a s u r e d  a i l e r o n  e f f e c t i v e n e s s  i s  s l i g h t l y  l o w  
a n d  r a t e s  o f  r o l l  comTuted from t h e s e  d a t a  w i l l  be  con- 
s e r v a t i v e ,  By c o m p a r i s o n  o f  t h e s e  d a t a  w i t h  s e c t i o n  d a t a  
o n  a s i m i l a r  a i r f o i l  ( r e f e r e n c e  l), i t  i s  e s t i n a t e d  t h a t  
t h e  meximum d e c r e a s e  i n  measured  AcI d u e  t o  t k i s ' e f f e c t  
i s  n o t  more t h a n  1 2  p e r c e n t .  

TE STS 

F o r  e a c h  -of  t h e  a i l e r o n - g r o f i l e  m o d i f i c . s t i o n s ,  two 
s e r i e s  o f  t e s t s  w e r e  Eade. The f i r s t  s e r i e s  o b t a i n e d  
a i l e r o n  c h a r a c t e r i s t i , c s  a t  t h e  h i g h e s t  l i e y n o l + s  number 

Oo, 2 O ,  and 4 O ) .  A s e c o n d  s e r i e s  a t  a n g l e s  o f  a t t a c k '  o f  ' 

00, 4 O ,  Q 0 ,  ai:d 12' was r u n  a t  a r e d u c e d  B e g n o l d s  number 

o b t a i n a b l e  ( 9 , 0 0 0 , 0 0 0 )  a t  l i v e  a n g l e s  or '  a t t a c k  (-40, -2 0 , 
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( 3 , 8 0 C ,  0 0 0 ) .  With  t h e  a i l e r o n  n e u t r ? , l ,  s e c t i o n  c h a r a r -  
t e r i s t i c s  were o b t a i n e d  a t  a R e y n o l d s  number o f  13~200,C?C!G, 
S e c t i o n  p r o f i l e - d r a g  c o e f f i c i e n t s  w e r e  o b t a i n e d  v i t h  t!ia 
a i l e r o n  n e u t r a l ,  a t  t h e  i d e a l  l i f t  c o e f f i c i e n t  ( c i  = 0,2I>: 
o v e r  c Bsynolds number r a n g e  o f  3 , O G O , O O O  t o  l O , C @ G , O O C .  

BESULTS AiU'D D I S C U S S I O N  

Bas ic  s e c t i o n  d a t a * -  The b a s i c  s e c t i o n  d a t a ,  w i t h  
a i l s r o n  d e f l e c t e d  a n 6  a i l o r c n  n e u t r a l ,  a r e  p r e s e n t e d  i n  
f i z u r e s  4 t o  14. Thos8  d e t a  may b-. u t i l i z e d  t o  p r e d i c t  
t h e  s e c t i o n  c h a r a c t e r i s t i c s  of  a i l s r o n s  w i t h  a n y  amour,t of 
i n t e r n a l  n o s e  S a l a n c e  by scans of t h e  e q u a t i o n  

where  

( c ~ ) ~  a i l e r o n  s e c t i o n  hinge-xoL:ent c o e f f i c i e n t  o f  
a i l e r o n  w i t t  s c a l e d  i n t e r n c l  n ~ s e  b a l ~ i + n c e  

a i  1 c r on s e c t i on h i 11 ge-m o~ zn t c u e f f i c i e 3 t o f  C h  
p l a i n  a i l e r o n  

B n c s e  b a l a n c e  ( e x p r e s s e d  a s  f r n c t i o n  of e a )  

R n o s e  r a d i u s  of p l a i n  a i l e r o n  ( e x p r c s s e d  T ' S  
f r e c t i o n  of  cs)  

While t h e s e  b a s i c  d a t a  a r e  u - s s f u l  f o r  p u r T o s e s  o f  
a i l e r o n  d e s i g n ,  t h e  p r e d i c t i o n  a c d  c o n p a r i s o n  o f  t h e  
e f f z c t s  o f  a i l e r o n  p r c f i l z  on s e c t i o n  c h n r a c t e r i s t i c s  may 
be  more c o n v e n i e n t l y  d e m o n s t r a t e d  by nlearLs o f  s e c t i o n  
p a r a m e t e r s ,  F o r  t h i s  p u r p o s e  p l o t s  s h c w i n g  t h e  r e l q t i o n  
o f  v a r i o u s  c o e f f i c i e n t s  a n 6  p a r n m e t e r s  t o  o t h e r  i ndepend-  
e n t  v a r i a b l e s  h a v e  been  p r e p a r e d ,  

c-- A i l e r c n  e f f e c t i v e Q % s s 4 - -  The e f c e c t  of t h e  1 : r o f i l e  
v a r i a t i o n s  on t h e  a i l e r o n - e f f e c t i v e n ~ s s  pc?,rar.-eter 
( a a / a 6 , ) c ,  and c i s  shown i n  f i g u r e s  16  t o  18 .  I t  

w i l l  be n o t e d  t h e t  t h e  v a l u e  o f  t h e  f o r m z r  q u a n t i t y  f o r  
t h e  normal-prof ile a i l e r o n ,  a t  zb R e y n o l d s  nun;bt?r o f  
9 , 0 0 0 , 0 0 0 ,  i s  a b o u t  71 p e r c e n t  of t h a t  w h i c h  w o u l d  be  
p r e d i c t e d  f r o m  t h i n - n i r f  o i l  t h e o r y ,  and  e b o u t  $ 0  p e r c e n t  

sa 

r 



o f  ';he v a l u e  o b t a i n e d  o p ' t h e  MACA 0009 a i r f o i l  ( r e f e r e n c e  
2 ) .  T h i c k e n i n g  t h e  a i l e r o n  p r o f i l e  r e d u c e s  t h e  e i l e r o n  
e f f e c t i v e n e s s ,  a n d  t h i n n i n g  t h e  p r o f i l e  i n c r e a s e s  i t ,  
The change  i n  t h e  e f f e c t i v e n e s s  i s  v e r y  c l o s e  t o  a l i n e a r  
f u n c t i o n  o f  d ( f i g s ,  1 7  and 1 8 ) .  

A i l e r o r ,  p r o f i l e  h a s  a s i m i l a r  i n f l u e n c e  on e f f e c -  
t i v e n e s s  a t  t h e  h i g h e r  a i l e r o n  d e f l e c t i o n s  where  t h e  f l o v  
e v e r  t h e  e i l e r o n  has s e p a r c t e d ,  F i g u r e s  1 9  and  2 0  ? r e s e a t  
t h e  t o t a l  A c t !  a v a i l a b l e  due t o  +loo and  f15' of  
a i l e r o n  C e f l e c t i o n  p l o t t e d  a g a i n s t  z n g l e  of  a t t a c k ,  A t  
m o d e r a t e  a n g l e s  of  a t t a c k  t h i c k e n e d  p r o f i l e s  g i v e  t h e  l o w e r  
e f f e c t i v e n e s s  v a l u e s ;  t h i n n e d  p r o f i l e s  g i v e  t h e  h i g h e r ,  
However,  d i f f e r e n c e s  due  t o  p r o f i l e  d e c r e a s e  at t h e  h i g h e r  
a n g l a s  of e t t a c k  and  a t  a n  a. 
m i n o r  v a r i a t i o n  i n  A c t '  a v a i l a ' b l e  f o r  t h e  v a r i o u s  a i l e r o n  
p r o f i l e s ,  The Acl 1 a v a i l a b l e  u n d e r  t h e s e  e x t r e m e  cond i -  
t i o n s  of angle of a t t a c k  a n d  a i l e r o n  d e f l e c t i o n s  i s  a b o u t  
41 p e r c e n t  of t h e  * A c l *  p r e d i c t e d  on t h e  a s s u m p t i o n  of 
t h i n - a i r f o i l  e f f e c t i v e n e s s  ( t h a t  i s ,  by u s i n g  t h e  a a / a 6 ,  
r e l a t i o n s h i p  f rom r e f e r e n c e  3 a n d  u s i n g  a value of c 
o f  2 - n / 5 7 , 3 ) .  T h i s  v a l u e  h o l d s  w i t h i n  2 p e r c e n t  f o r  
b o t h  t h e  0.15-chord a i l e r o n s  a n d  t h e  O.2C-chord a i l e r o n s  
a n d  f o r  all t h e  p r o f i l e  v a r i a t i o n s ,  

of 12' t h e r e  i s  o n l y  a 

'La 

T o  d e t e r m i n e  t h e  e f f e c t  of  c o n t r o l - s u r f a c e  p r o f i l e  on 
t h s  P i l e r o n  e f f e c t i v e n e s s  o f  a t y p i c a l  i n s t a l l a t i o n ,  t h e s e  
d a t a  have  been  a p p l i e d  t o  t h e  p r e d i c t i o n  o f  t5.e a i l e r o n  
c o n t r o l  c h a r a c t e r i s t i c s  o f  a mcdern p u r s u i t  a i r p l a n e ,  The 
a i r :> lane  d a t a  n e c e s - s n r y .  f o r  t h e  c a l c u l a t i o n s  a r e  p r e s e n t e c i  
i n  t a b l e  IV, The c a l c u l a t i o n s  have  been  made a s s u m i n g  
z e r o  s i d e s l i p  o f  t h e  a i r p l a n e  a n d  no t o r s i o n a l  d e f l e c t i o n  
of t h e  wing,  The e f f e c t  of a i l ' c r o n  p r o f i l e  on c h a s  

b e e n  i n c l u d e d  i n  d e t e r m i n a t i o n  of  C q  t h e  drmping-  

moment c o e f f i c i e n t  due t o  r o l l i n g .  The c a l c u l a t i o n  v a r i a -  
t i o n  of p b / 2 8  w i t h  t o t a 1 , a i l e r o n  d e f l e c t i o n  f o r  t h e  
v a r i o u s  a i l e r o n  p r o f i l e s  i s  p r e s e n t e d  i n  f i g u r e s  2 1  a n d  
22 f o r  i n d i c a t e d  a i r s p e e d s  of 300  and  120 m i l e s  p e r  h o u r ,  
E x a m i n a t i o n  o f  t h e s e  f i g u r e s  r e v e a l s  t h a t  t h e  a i l e r o n  
e f f e c t i v e n e s s  a t  l o w  s p e e d s  i s  l i t t l e  i n f l u e n c e d  by a i l e r o n  
p r o f i l e ,  Thus ,  t h e  s i z e  and  t h e  t o t a l  d e f l e c t i o n  f o r  a n  
i n s t a l l a t i o n  o f  g i v e n  e f f e c t i v e c e s s  w i l l  b e  unchanged  by 
c o n t r o l - s u r f a c e  p r o f i l e  m o d i f i c a t i o n s ,  

'I, 

'P' , 

w i t h  hR A i l e r o n  hinme s----, moments.- The v a r i a t i o n ' o f  c 
"a  



a 

c o ? t r ~ l - s u r f a c e  chorC i s  shown i n  f i g u r e  23,  a n 2  a compnr- 
ison i s  a f f o r d e d  w i t h  t h e  v a r i a t i o n  p r e d i c t e d  f r o m  t h i n -  
a i r f o i l  t h e o r y  and  t h a t  jnePsured on an  NACB 0009 a i r f o i l  
( r e f e r e n c e  2). The v a l u e  of  c h s  f o r  t h e  n o r m a l - p r o f i l e  

c i l e r o n ,  a t  a R e y n o l d s  number of 9 , 0 0 0 , 0 0 0 ,  i s  ?"bout 58  
p e r c e n t  o f  t h e  v a l u e  p r e d i c t e d  by  t h i n - a i r f o i l  t h e o r y  and  
eb0-J-t 8 2  T e r c e n t  o f  t h e  m e a s u r e d  v a l u e  f o r  t h e  F H C A  COO9 
a i r f o i l ,  

a 

C h 6 a  
T!:e a i l e r o n  hinge-moment p a r a x e t e r s  c znd  

hU 
e r e  p l o t t e d  i n  f i g u r e s  17 a n d  18 a s  f u n c t i o n s  of d ,  The 
c u r v e s  i s d i c a t e .  t h a t  b o t h  o f  t h e s e  p a r a m e t e r s  v a r y  a p p r c s -  
i r n a t e l y  linearly w i t h  d ,  i n c T e a s i n 5  a l g e b r r i c a l l y  as  d 
i s  i n c r e a s e d ,  A s i ~ i i l z r  r e l a t i o n s h i p  h a s  b e e n  e s t a b l i s h e d  
by r e f e r e a c c  4. The v e l u e  of ( a c h / a u ) E a  v a r i e s  w i t h  
a n s l e  o f  a t t a c k  ar,d a i l e r o n  d e f l e c t i o n ,  A t  srnz11 a n g l e s  
c f  a t t a c k  azd z e r o  a i l e r o n  d e f l z c t i o n ,  t h e r e  i s  r? l i n e a r  
r e l a t i c n s h i p  bc tween  ( & c h / b a ) s  = O  a n d  d ,  The v a l u e  o f  

(bCh/bn)B,=O i n  t h i s  r e g i o n  v a r i e s  be tween  -0.0037 f o r  
d = -O,Olca a n d  0,0024 f o r  d = 0,C2ca,  A t  a n g l e s  o f  

a t t a c k  g r e a t e r  t h a n  6 O ,  ( L c h / a a ) E a = o  h a s  a n  a p p r o x i m a t e l y  
c o n s t e n t  v a l u e  of -0 ,010 i r r e s p e c t i v e  of r ? i l e r o n  p r o f i l a ,  
A t  l O W  a n s l e s  o f  a t t a c k  and  e x t r e r i e  a i l e r o n  d e f l c c t i o i ~ s ,  
t h e  e f f e c t  o f  a i l e r o n  p r o f i l e  on ( a c h / " o ) ,  bccoincs l e s s  

l e s s  a p p a r e n t ,  Data o b t a i r . e d  w i t h  t h e  s t r a i g h t - s i d e d  
a i l e r o n  a t  low anglos of a t t a c k  ( f i g ,  8 )  i n d - i c n t e  t h a t  a t  
z e r o  a i l e r o n  d e f l e c t i o n  ( ' o c h / a a ) B  i s  p o s i t i v e ,  a t  a i l e r -  

on d e f l e c t i o n s  of -12' and  6' t l i e  v a l u e  o f  
z e r o ,  and  ct l a r g e r  a i l e r o n  d e f l e c t i o u s  i t s  v a l u e  becomes 
n e g n t  Ive ,  

a 

a 

5 

( a c h / h ) 5 ,  i s  

The v a r i a t i o n  of t o t a l  Achl due  t o  +15" o f  a i l e r o n  
d e f l c c t i o n  w i t h  a n g l e  o f  n t t a c k  i s  p r e s e n t e d  i n  f i g a r e s  
24 a n d  25. The v a l u e  o f  Ach'  d e c r e c s e s  2 s  d i s  i n -  
c r e a s e d ,  b u t  a t  l a r g e  a n g l e s  o f  a t t a c k  t h e  e f f e c t  of pro-  
f i l e  i s  v e r y  small, 

The d e t a  of f i g u r e s  17 a n d  19 hnve b e e n  p l o t t e d  i n  
f i g u r e s  26 a n d  27 a s  h i n g e - n o n e n t  p a r a m e t a r s  a g a i n s t  l i f t  
pm?a.rfieters, These  c u r v e s  show t h e  r e l a t i v e  depc r .dencs  o f  
t h e  a i l e r o n  h i n g e  x o n e n t s  cn t h e  a i l e r o n  e f f e c t i v e n e s s  ailcl 
on t h e  s l o p e  o f  t h e  w i n g  s e c t i o n  l i f t  c i l r v e s ,  I n  a d d i t i o n  
t o  t h e  d a t a  shown f a r  t h s  a i l e r o n s  o f  t'ile p r e s e n t  i n v e s t i -  



g n t i o n ,  e x p e r i n e n t a l  p o i n t s  e r e  i n c l u d e d  f r o n  d a t a  
o b t a i n e d  f o r  a s e r i e s  of 0.20-chord a i l e r o n s  w i t h  t h i c k -  
enc,d and  b e v e l e d  t r a i l i n g  edges ,  The m a l l  d e v i a t i o n  of 
t h e  e x p e r i n e n t a l  p o i n t s  fron t h e  Liean c u r v e s  i n d i c a t e s  
t h a t  t h e  r e 1 a t i o n s h i p . s  i n d i c a t e d  8 r e  n o t  i n f l u e n c e d  by 
t h e  c i io rdwise  d i s t r i b u t i o n  of t h i c k n e s s  of t h e  c o n t r o l -  
s u r f a c e  p r o f i l e ,  An e x p e r i o e n t a l  p o i n t  i s  a l s o  p r e s e n t e d  
fror.; d a t a  o b t a i n e d  o n - a n  NACA 0009 a i r f o i l  ( r e f e r e c c e  2) 
wh ich  i n d i c a t e s  t h a t  f o r  t h e  same e f f e c t i v e n e s s ,  s i n i i a r  
h i n g e  n o c e n t s  ~ i a y  be a a t i c i p a t e d  f o r  a i l e r o n s  on a n  WaCA 
66,2-216 (a = 0.6)  a i r f o i l  as a r e  e x p e r i e n c e d  on a i l e r o n s  
OD- a n  NACA 0009 a i r f o i l .  -4 s i c i l a r  agreer . ,ent  be tween  t h e  
s u b j e c t  d a t a  and  t h e  NACA 0009 d a t a  d o e s  n o t  e x i s t  f o r  
Ch, a g a i n s t  CI,, 

S i n c e  t h e  e f f e c t  of a i l e r o n  p r o f i l e  on A P / q  i s  
s r ia l l ,  t h e  hinge--ronent  c o e f f i c i e n t s  of a i l e r o n s  w i t h  
i n t e r n a l  n o s e  ba1.e-nce w i l l  e x h i b i t  a i l e r o n  p r o f i l e  e f f e c t s  
s i n i l a r  t o  t h o s e  o b s e r v e d  on t h e  p l a i n  a i l e r o n s ,  As sep- 
a r a t i o n  o c c u r s  o v e r  t h e  aileron a t  l a r g e  d e f l e c t i o n s ,  
t h e r e  i s  a n  z b r u p t  loss i n  P / q  o v e r  t h e  s u c t i o n  s i d e  o f  
t h e  c o n t r o l  ( s i d e  o p p o s i t e  t h e  d e f l e c t i c n ) ,  T h i s  l o s s  
a c c o u n t s  f o r  t h e  n o n l i n e a r i t y  of t h e  c u r v e s  of A P / q  

( f i g s ,  5 t o  12). I t  is t h i s  r e d u c t i o n  in a g a i n s t  
A P / q  whicn  c a u s e s  t h e  n o n l i n e a r i t y  o f  h i n g e - n o r a n t  c u r P e s  
of  a i l e r o n s  w i t h  l a r g e  m o u n t s  o f  i n t e r n a l  n o s e  b a l a n c e ,  

6, 

F i g u r e s  28 a n d  29 i l l u s t r a t e  t h e  c h a n g e s  i n  c o n t r o l -  
f o r c e  c h a r a c t e r i s t i c s  which  r e s u l t  f r o c  sna11 c h a n g e s  i n  
a i l e r o n  p r o f i l e ,  The v a r i a t i o n  of s t i c k  f o r c e  w i t h  p b / 2 P  
f o r  a t y p i c a l  rsodern p u r s u i t  a i r p l a n e  e q u i p p e d  w i t h  0.20- 
c h o r d  a i l e r o n s  w i t h  0 , 5 3 4 ~ ~  i n t e r n a l  n o s e  b a l a n c e  i s  pre- 
s e n t e d  i n  t h e s e  f i g u r e s  f o r  i n d i c a t e d  a i r s T e e d s  o f  300  
and  1 2 0  x i l e s  p a r  h o u r ,  A t  t h e  h i g h e r  s p e e d ,  a d e c r e a s e  
of O,OOSc, i n  t h e  a i l e r o n  o r d i n a t e s  a t  0 . 5 ~ ~  r e d u c e s  t h e  
pb/2V o b t a i n a b l e  w i t h  a 3 G p o u n d  s t i c k  f o r c e  f r o r  0.08 t o  
0,056 and  n o r e  t h k n  d o u b l e s  t h e  s t i c k  f o r c e  f o r  a pb/2V 
of 0, 08. I n c r e a s i n g  t h e  o i d c h o r d ' o r d i n a t e s  of  t h e  a i l e r o n  
0 . 0 0 0 9 ~ ~  chpmges t h e  s t i c k  f o r c e  f r o n  8 pounds  t o  a n  ovs r -  
b a l a n c e  o f  7 pounds  a t  a p b / Z V  o f  0.05, S i n c e  results 
o f  o v e r b a l a n c e  a r e  l i k e l y  t o  p r o v e  c a t a s t r o p h i c  i n  R high-  
s p e e d  d i v e ,  due  t o  t h e  a i l c r o n s  t a k i n g  c o n t r o l ,  e v e r y  
e f f o r t  s h o u l d  be Lado t o  s a i n t a i n  c a n u f a c t u r i n g  t o l e r a n c e s  
pad a l l c t w a b l e  s u r f a c e  d e f o r r L a t i o n s  a t  a v,zlue w h i c h  would 
p r e c l u c ? e  t h e  o c c u r r e n c e  o f  t h i s  c o n d i t i o n ,  

The p c s s i b l e  use  o f  a i l e r o n  p r o f i l e  c h a n g e s  t o  o b t a i n  
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d e s i r e d  s t i c k - f o r c e  c h a r a c t e r i s t i c s  i s  i l l u s t r e t e d  by f i g -  
u r e s  30 a n d  31, C o n t r o l - f o r c e  c ‘ h n r a c t e r i s t i c s  a r e  shown 
f o r  2- t y p i c a l  modern p u r s u i t  a i r p l a n e  e q u i p p e d  w i t h  0.20- 
c h o r d  z i l e r o n s .  The a i r p l a n e  d a t a  n e c z s s a r y  f o r  t h e  c a l -  
c u l a t i o n s  a r e  p r e s e n t e d  i n  t a b l e  IV, Each  a i l e r o n  was 
zssur:,ed t o  h a v e  a n  i n t e r n a l  n o s e  b a l a n c e  s u c h  that a pb/2V 
of 0.08 con  be  o b t a i n e d  w i t h  a 30-pound s t i c k  f o r c e  a t  a n  
i n d i c a t e d  a i r s p e e d  o f  300 m i l e s  p e r  h o u r ,  I t  w i l l  be ob- 
s e r v e d  t h a t  t h e  t h i n - p r o f i l e  a i l e r o n  w h i c h  i s  c l o s e l y  
enough b a l a n c e d  t o  s a t i s f y  t h e  3O-pound s t i c k - f o r c e  l i n i -  
t a t i o n  F-t h i g h  s p e e d  i s  o v e r b a l a n c e d  4 p o u n d s  a t  a ,p’o/2V 
o f  0,035. As t h e  a i l e r o n  p r o f i l e  i s  t h i c k e n e d ,  t h e  c o n t r o l -  
f o r c e  g r a d i e n t  becorr,es more p o s i t i v e ,  a n d  t h e  l i n e a r  r a n g e  
of  t h e  g r a d i e n t  i s  e x t e n d e d  t o  l a r g e r  v a l u a s  o f  pb/2V. 
The p r i c l a r y  prohle , - .  o f  a i l e r o n - b a l a n c e  d e s i g n  i s  t o  make 
t h e  c o n t r o l  l i g h b  enough  a t  v e r y  big!? .speed w h i l e  e v o i d i n g  
o v e r b ~ ~ ? ; n c e  i n  , a n y  p a r t  of  t h e  d e f l e c t i o n  r a n g e ,  and  
r e t a i n i n g  s u f f i c i e n t  f e e l  a t  l o w  s p e e d s ,  The d a n g e r  of 
o v e r b a l a n c e  c a n  bc n i n i n i z e d  by t h e  a t t a i n L e n t  of a l i n e a r  
v a r i a t i o n  o f  c o n t r o l  f o r c e  w i t h  pb /2V a t  h i g h  s p e e d s ,  
The n o c l i n e a r i t y  o f  t h e  hinge-raoaent c q n v e s  of a i l e r c r i s  
d e s i g n e d  w i t h  i n t e r n a l  n o s e  b e l m c e  p r c v e n t s  t h e  r e a l i z a -  
t i o n  o f  t h i s  i d e a l  c o n * i t i o n ,  buf a i l e r o n  p r o f i l e  o f f e r s  
a l i n i i t e d  x e n n s  o f  c o n f r o l l i n g  t h e  v a l u e  end  t h e  l i n e a r  
r a n g e  of t h i s  c o n t r o l - f o r c e  g r p d i e n t ,  T h e s e  e f f e c t s  o f  
a i1e ro : i  p r o f i l e  on c o n t r o l - f o r c e  g r c d i e n t s  x r e  due  ~ a i n l y  
t o  t w o  c c u s e s :  t h e  r e d u c t i o n  i n  t h e  m o u n t  of n ~ s e  b21- 
a n c e  r e q u i r e d  by t h e  t h i c k e n e d  a i l e r o n  p r o f i l e s ,  w i t h  t h e  
c o n s e q u e n t  r e d u c t i o n  i n  t h e  n o n l i n e a r i t y  of t h e  h i n g e -  
c o i 1 e n t  c u r v e s  o f  t h e  b a l a n c e d  a i l e r o n s ;  a n d  t h e  p r e s e n c e  
o f  2n u n f a v o r a b l e  r e s ? o n s e  c h a r c c t e r i s t i c  ( p o s i t i v e  
( a c h / a ” ) g , )  
i n  s t i c k  f o r c e  i s  d e s i r e d ) ,  w i t h  f a v o r a b l e  r e s p o n s e  a t  
h i g h  a i l e r o n  d e f l e c t i o n s  ( w h e r e  a d e c r a a s e  i n  s t i c k  f o r c e  
i s  d e s i r e d ) ,  T h i s  e f f e c t  of r e s p o n s e  o n  c o - i t r c l - f o r c e  
g r a d i e n t  i s  i l l u s t r a t e d  by  f i g u r e  3 2 ,  p r e s e n t i n g  t h e  v a r i -  
a t i o n  of Achl  a n d  A c t t  f o r  t h e  s t a t i c  c o n d i t i o n  and  
f o r  t h e  dynarnic r o l l i n g  c o n d i t i o n  o f  t h e  a s s u n e d  p u r s u i t  
a i r p l a n e ,  

at l o w  a i l e r o n  d e f l e c t i o n s  ( w h e r e  ail i n c r e a s e  

The e f f e c t  of  a i l e r o n  c h o r d  on t h e  c o n t r o l - f o r c e  
C h a r a c t e r i s t i c s  c a n  be  o b t a i n e d  by a c o n p a r i s o n  o f  t h e  
c o n t r o l - f o r c e  c h a r a c t e r i s t i c s  o f  t h e  0 2 C - ~ h o r d  a n d  0.15- 
c h o r d  c i l e r o n s  o f  n o r : 1 a l  a n d  ~ t r a i g k ~ t - s i c l ~ d  p r c f  i l e ,  I n  
a l l  c a s e s  where  t h e  t i r o  a i l e r o n s  a r e  rissi,:ylE:d f o r  t h e  
same high-speed s t , i c k  f o r c e  a t  a pb/2V 0,” 0.08, t h e  
0 ,2&chord  a i l e r o n s  p r o d u c e  a n o r e  n e a r l y  l i n e a r  v a r i a t i o a  



I 1 1  

o f  s t i c k  f o r c e  w i t h  pb/2V t h a n  c a n  be  a c q u i r e d  w i t h  t h e  
0.15-chord a i l e r o n .  F i g u r e  3 3  p r e s e n t s  t h e  v a r i a t i o n  o f  
s t i c k  f o r c e  w i t h  pb/2V when t h e  a i l e r o n s  a r e  d e s i g n e d  
f o r  a 30-pound s t i c k  f o r c e  f o r  a pb/2V of 0,08 on a 
t y p i c a l  p u r s u i t  a i r p l a n e  a t  an i n d i c a t e d  a i r s p e e d  of 300  
n i l e s  p e r  hour, The r e d u c t i o n  i n  c o n t r o l - s u r f a c e  c h o r d  
r e s u l t s  i n  a 2C-pound d e c r e a s e  i n  t h e  s t i c k  f o r c e  f o r  a n  
a i l e r o n  of n o r m a l  p r o f i l e  and a 5-pound d e c r e a s e  i n  t h e  
s t i c k  f o r c e  f o r  a n  a i l e r o n  of s t r a i g h t - s i d e d  p r o f i l e  f o r  
a pb l2V of 0.05. 

w i t h  d i s  shown i n  
1, 

&if&-- The v a r i a t i o n  o f  

1, 
f i g u r e s  1 7  and  18.  These  c u r v e s  i n d i c a t e  t h a t  
v a r P e s  a p p r o x i m a t e l y  l i n e a r l y  w i t h  d ,  d e c r e a s i n g  as d 
i s  i n c r e a s e d ,  

Ei.kching,nnne&- T h i c k e n i n g  t h e  a i l e r o n  p r o f i l e  
c a u s e d  an i n c r e a s e  i n  ( a c , / a c , )  c o r r e s p o n d i n g  t o  a 

f o r w a r d  s h i f t  o f  t h e  ae rodynamic  c e n t e r ,  T h i s  i s  shown 
i n  f i g u r e s  13 and  1 4 ,  

6,=0 

--- DragA- F i g u r e  15 p r e s e n t s  t h e  v a r i a t i o n  of s e c t i o n  
p r o f i l e - d r a g  c o e f f i c i e n t  w i t h  R e y n o l d s  n u c b e r  a t  t h e  
i d e a l  s e c t i o n  l i f t  c o e f f i c i e n t  ( c 1  = 0,21), T h i n n i n g  
t h e  a i l e r o n  p r o f i J e  had  no e f f e c t  on t h e  s e c t i o n  p r o f i l e -  
drag c o e f f i c i e n t  b u t  t h i c k e n i n g  t h e  p r o f i l e  t o  s t r a i g h t -  
s i d e d  c a u s e d  a n  i n c r e a s e  i n  of 0.0004 f o r  t h e  0 . 2 0 -  

c h o r d  a i l e r o n  a n d  0.0002 f o r  t h e  0.15-chord a i l e r o n ,  

Reyno lds  ----__--2---A n u n b e r  - A Reyno lds  number e f f e c t  was f o u n d  
t o  e x i s t  a t  l o w  a n g l e s  o f  a t t a c k  a n d  f u r t h e r  i n v e s t i g a t i o n  
WC?S nade  o v e r  t h e  a v a i l a b l e  R e y n o l d s  r -unber  r a n g e  
( 3 , 2 0 0 , 0 0 0  t o  9 , 0 0 0 , 0 0 0 ) .  
A c h ' ,  and  AP/q a g a i n s t  Reyno lds  number,  A t  smali an- 
g l e s  of  a t t a c k ,  i n c r e a s i n g  Reyno lds  n u n b e r  r e s u l t s  i n  a 
l o s s  i n  A c t ' ,  ACh', &rid A P / q .  T h e . n a g n i t u d e  of t h e s e  
e f f e c t s  of i n c r e a s i n g  Reyno lds  nur;,ber i s  n f u n c t i o n  of d ,  
i n c r e a s i n g  as d i s  i n c r e a s e d ,  ( S e e  f i g s .  1 7  a n d  18,) 
A t  a n g l e s  o f  a t t a c k  beyond t h e  low-drag r a n g e  ( g r e a t e r  
t h a n  2 O  a n d  l e s s  t h a n  -lo), t h e  R e y n o l d s  n u n b e r  e f f e c t  was 
c o n s i d e r a b l y  r e d u c e d ,  M e a s u r e c e n t  of t h e  a i r f o i l  boundary-  
l a y s r  p r o f i l e s  i n d i c a t e d  t h a t  t h e s e  R e y n o l d s  n u n b e r  e f f e c t s  
were c a u s e d  b y  a f o r w a r d  n o v e n e n t  of t h e  t r a n s i t i o n  p o i n t ,  
w i t h  t h e  a i l e r o n  d e f l e c t e d ,  due t o  i n c r e a s i n g  R e y n o l d s  nuu- 
b e r ,  T h i s  f o r w a r d  nove l i en t  of t r a n s i t i o n ,  r e s u l t i n g  i n  a 

F i g u r e s  34 t o  36 p r e s e n t  A c l ' ,  
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t h i c k e n i n g  of t h e  b o u n d a r y  l a y e r  a t  t h e  b e g i n n i n g  of t h e  
p r e s s u r e  r e c o v e r y ,  r e d u c e s  t h e  p e a k  of t h e  b a s i c  increclen: 
tal l i f t  and  r e s u l t s  i n  a l e s s  c o r , p l e t e  r e c o v e r y ,  t h u s  
c a u s i n g  a d e c r e e s e  i n  e f f e c t l v e n e s s  and A P / q ,  

c ONCLUSI ONS 

R e s u l t s  of t h e  t e s t s  of a i l e r o n - p r o f i l e  v a r i a t i o n s  
t o  O,2C-chord p l a i n  s e a l e d - g a p  a i l e r o n s  and  0.15-chord 
p l a i n  sea l ed -gap  a i l e r o n s  o n  t h e  NACA 66,2-216 ( a  = 0 .6 )  
a i r f o i l  i n d i c a t e  t h e  f o l l o w i n g  c o n c l u s i o n s :  

I, T h i c k e n i n g  of t h e  a i l e r o n  p r o f i l e  r e s u l t s  i n  a 
d e c r e n s e  i n  t h e  a i l e r o n  e f f e c t i v e n e s s ,  a d e c r e a s e  i n  t h e  
s l o p e  of t h e  w i n g  s e c t i o n  l i f t  c u r v e ,  and  a d e c r e n s e  i n  
t h e  n i l e r o n  h inge -nonen t  c o e f f i c i e n t s ,  T h i n n i n g  t h e  pro-  
f i l e  has t h e  o p p o s i t e  e f f e c t ,  The E a g n i t u d e  of t h e  i n c r e -  
ment o r  t h e  d e c r e m e n t  i s  p r o p o r t i o n a l  t o  and  v a r i e s  ap- 
p r o x i c a t e l y  l i n e a r l y  w i t h  t h e  n a g n i t u d e  of t h e  p r o f i l e  
a l t e r a t i o n .  

2, The e f f e c t s  of a i l e r o n  p r o f i l e  a r e  r e d u c e d  as 
a n g l e  of a t t a c k  i s  i n ' c r e a s e d ,  A t  a n  a n g l e  of a t t a c k  of 
12O, a i l e r o n  p r o f i l e  h a s  n o  e f f e c t  on t h e  a i l e r o n  c h a r a c -  
t e r i s t i c s ,  

3, A l i n e a r  r e l a t t o n s h i p  e x i s t s  be tween  t h e  a i l e r o n  
Any reduc -  h i n g e  c o n e n t s  and  t h e  a i l e r o n  e f f e c t i v e n e s s ,  

t i o n  i n  h i n g e  n o n e n t s  by p r o f - i l e  a l t e r a t i o n  i s  a c c o n F a n i e d  
by a c o r r e s p o n d i n g  d e c r e a s e  i n  e f f e c t i v e n e s s ,  

4. T h i c k e n i t l g  t h e  a i l e r o n  p r o f i l e  c a u s e s  a n  i n c r e a s e  
of  0.0004 i n  t h e  n i n i n u n  s e c t i o n  ' p r o f i l e - d r a g  c o e f f i c i e n t ,  
T h i n n i n g  t h e  p r o f i l e  has no e f f e c t  cn  c i n i r u c  d r c g .  

5, When t h e  a i l e r o n s  of a t y p i c a l  p u r s u i t  a i r p l a n e  
a r e  d e s i g n e d  f o r  R g i v e n  c o n t r o l  f o r c e  f o r  a l a r g e  r a t e  
o f  r o l l  a t  h i g h  s p e e d ,  t h e  a i l ' e r o n s  w i t h  t h i c k e n e d  pro-  
f i l e s  have  g r e a t e r  s t i c k  f o r c e  f o r  f u l l  d e f l e c t i o n  a t  
l o w  s p e e d s  th'an t h e  n o r c a l  o r  t h i n n e d  p r o f i l e s ,  Thicken-  
i n g  t h e  a i l c r o n  p r o f i l e  r e s u l t s  i n  a u o r e  n e a r l y  l i n e a r  
v a r i a t i o n  of s t i c k  f o r c e  w i t h  r a t e  of  r o l l  a t  h i g h  s p e e d s ,  
p r o v i d e d  t h e  i n t e r n a l - b a l a n c e  c h o r d  i s  d e c r e a s e d  t c  Liain- 
t a i n  t h e  s a l e  n a x i n u n  s t i c k  f o r c e ,  

6 ,  When d e s i g n e d  f o r  t h e  sane h igh- speed  s t i c k  f o r c e  

L 
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f o r  a l a r g e  r a t , e  o f  r s l l >  a i l e r c n s  c f  O c 2 0  c h o r d  a r e  
p r e f e r a b l e  t o  a i l e r o n s  ( j '  rJd1.5 cLsr.5. ~f t h e  s:-zI . :~ span, 
S ? . c s ~ s e  of t h e  grG.- , -  -aut . s '  e l < e ? k i v e r A a s s  o f  t h e  larger tho:-d 
a i l e r o n s ,  a n o r e  n e c c l y  l i n e a r  v c x i a t i o : ~  o f  s t f c k  f o r c e  
wit ; !?  r a t e  o f  r o l l  a; h i g h  speed  c i ~ u  7:s a t t a i i i e d -  khan  i s  
p o s s i b l e  w i t h  t h e  0,. ! .5 - -c tord  Eilerons,, 

1, D e n a c i ,  E, G,, and- i!i:.d, T, 3,: Wlnd-Tunnci T e s t s  of  
A i i e r o n s  a t  Va:*ious Spesd ; ,  I 1  - Ailerons of 0 , 3 0  
A i r f o i l  C h o r ?  acd T r u e  C o r t o n r  w i t h  0 . 6 0  A i l e r o n -  
Chord  Sea le .?  I n t e r n a l  J d - E n c e  on t h e  NAC3+ 66,2--216 
A i r f o i l ,  N h C R  4C9 Yo. 3F18, J u n e  1 9 4 3 ,  

2 .  ALies, h i l t o n  B , ,  J r , ,  and S e z r s ,  R ic l ln rd  I . :  D e t e r -  
c i n a t  i 3 n of  c' on t r o 1- Surf  e c  o Char a c  t e r  j. s t i c s f r o a  
XBCA Floin--Blap nr,rl fr.5 Data.,, Rep. 2 0 ,  721, :7:1;Cd, 
1941, 

3 .  G l a u e r t ,  H,; T h e o r e t i c a l  B e l a t i s n s b i p s  f o r  a n  i i e r o f o i l  - 

with Hinged F l a p ,  R e  B k. N o , .  2095,  Eri5ish A o 3 s C s ,  
A p r i l  i927, 

4. Er?tscn ,  A. S., P r e s t o r , ,  Z s  3 , :  a n d  I / m s a p ,  J. E , :  Ef- 
f e c t  on E i n g e  IJioEient o f  I t o d i f y i n g  t h e  S c c t i o n  o f  n 
C o n t r o l  2 n d  i n  Each Case o f  F i t t i n g  T r a i l i n g  Zdge  
S t r i p s  and  a Shrcuued  S a l a n c e ,  3 r i t i s h  A , R , C ,  5 0 6 2 ,  
S. 2nd C. 1224,  Xay 9, 1941, 

_ -  5. Menz inge r ,  Csrl 3 , :  I? in?-Txnnel  I n v e s t i g a t i o n  o f  Ordi- 
n a r y  m d  S p l i t  F l a p s  o n  A i r f o i l s  o f  D i f f e r e n t  Pro-  
f i l e s ,  Rep. No,  554, Xi',"J, 1936, 
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Figure 16.- The effect of modifications of the aileron profile on the 

(a=O. 6) airfoil equipped with sealed gap ailerons. 
aileron effectiveness parameter, ( b a / ? ~ b ) ~ ~  for an NACA 66,2-216 
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Figure 21.- The influence of profile on aileron effectiveness as applied 
to a typical pursuit airplane, 0.20-chord, sealed gap ailerons', 

equal up and down aileron deflection; assumed rigid wing and zero sideslip. 
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Figure  23.- The ef fec t  o f  modifications of  the a i l e r o n  p r o f i l e  on 

66,2-216 (a=0.6) a i r f o i l .  
(dch/d6a)ao=O0f0r sealed gap, p l a i n  ailerons on an NACA 
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Figure 28.- The effect of modifications of the aileron profile on the 

equipped w i t h  0.20-chord, seale.3 gap ailerons with 0 . 5 3 ~ ~  internal nose 
balance at an indicated airspeed cf 30.0 niph. 

aileron-control charactcristics of a typical pursuit airplana 
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Figure 29.- The effect of modifications of the aileron profile 

Pursuit airplane equipped with 0.20-chord, sealed gap ailerons 
with 0.53ca internal nose balance at an indicated airspeed of 
19n m-l.. 
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on the ailerowcontrol characteristics of a typical 
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Figure 32.- The variation of total hinge moment coefficient with sec- 

aileron profiles, showing the effect o f  aileron profile on the response 
factor (variation of Ch due to rolling). ao=o,010. 
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